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HIGH-SPEED
SUCCESSIVE-APPROXIMATION REGISTER
ANALOG-TO-DIGITAL CONVERTER

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims the benefit of U.S. Provisional
Application No. 63/343,580, filed May 19, 2022, the entirety
of which is incorporated by reference herein.

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates to successive-approximation
register analog-to-digital converters (SAR ADCs).

Description of the Related Art

Successive-approximation register analog-to-digital con-
verters (SAR ADCs) are widely used in electronic circuits.
A SAR ADC uses a binary or non-binary search through all
possible quantization levels for successive approximation of
a digital representation of an analog input.

How to speed-up the successive approximation is an
important issue in the SAR ADC field.

BRIEF SUMMARY OF THE INVENTION

High-speed successive-approximation register analog-to-
digital converters (SAR ADCs) are shown.

In accordance with an exemplary embodiment of the
present invention, a SAR ADC comprises a digital-to-analog
converter (e.g., a capacitive digital-to-analog converter
(CDAC) or a resistive digital-to-analog converter (RDAC)),
a comparator, and a SAR logic circuit, which are configured
to form a loop for successive approximation of a digital
representation of an analog input. The SAR logic circuit
includes a plurality of latches. Each latch uses a one-gate-
delay circuit to wire the comparator to one bit-control
terminal of the DAC.

In an exemplary embodiment, the one-gate-delay circuit
includes a complex gate.

In an exemplary embodiment, the complex gate is an
OR-AND-INVERTER (OAI) gate. A first input terminal and
a second input terminal of the OAI gate are provided for an
OR logic, and a third input terminal of the OAI gate is
provided for a NAND logic. The first input terminal of the
OAI gate is wired to a positive output terminal of the
comparator. The second input terminal of the OAI gate is
wired to a window control signal. A first output terminal of
the latch is wired to the third input terminal of the OAI gate
to form a latch structure. In an exemplary embodiment, each
latch further has a NAND gate, the first output terminal of
the latch is wired to a first input terminal of the NAND gate,
and an output terminal of the NAND gate is wired to the
third input terminal of the OAI gate. In an exemplary
embodiment, each latch further has an inverter, having an
input terminal wired to a reset control signal of the latch, and
an output terminal wired to a second input terminal of the
NAND gate.

In an exemplary embodiment, the OAI gate has a first
PMOS and a second PMOS wired in series between a
voltage source and the output terminal of the OAI gate. The
voltage source is wired to the second PMOS through the first
PMOS. The window control signal is wired to a gate
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terminal of the first PMOS. The positive output terminal of
the comparator is wired to a gate terminal of the second
PMOS.

In another exemplary embodiment, the complex gate is an
AND-OR-INVERTER (AOI) gate. A first input terminal and
a second input terminal of the AOI gate are provided for an
AND logic, and a third input terminal of the AND-OR-
INVERTER gate is provided for a NOR logic. The first input
terminal of the AOI gate is wired to the positive output
terminal of the comparator. The second input terminal of the
AOI gate is wired to the window control signal. A first output
terminal of the latch is wired to the third input terminal of
the AOI gate to form a latch structure. In an exemplary
embodiment, each latch further has a NOR gate, the first
output terminal of the latch is wired to a first input terminal
of'the NOR gate, and an output terminal of the NOR gate is
wired to the third input terminal of the AOI gate. In an
exemplary embodiment, a reset control signal of each latch
is wired to a second input terminal of the NOR gate.

In an exemplary embodiment, the AOI gate has a first
NMOS and a second NMOS wired in series between the
output terminal of the AOI gate and a ground terminal. The
output terminal of the AOI gate is wired to the second
NMOS through the first NMOS. The positive output termi-
nal of the comparator is wired to a gate terminal of the first
NMOS. The window control signal is wired to a gate
terminal of the second NMOS.

A detailed description is given in the following embodi-
ments with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention can be more fully understood by
reading the subsequent detailed description and examples
with references made to the accompanying drawings,
wherein:

FIG. 1 illustrates successive-approximation register ana-
log-to-digital converter (SAR ADC) 100 in accordance with
an exemplary embodiment of the present invention;

FIG. 2 depicts the latches of the SAR logic circuit 106 in
accordance with an exemplary embodiment of the present
invention;

FIG. 3A depicts a latch 302 using an OAI gate 304 to wire
the positive output terminal Vop of the comparator 104 to a
corresponding bit-control terminal of a step-down CDAC
(e.g. CDAC 302 that uses inverters as drivers);

FIG. 3B depicts that the latch 302 using the OAI gate 304
wires the positive output terminal Vop of the comparator 104
to a corresponding bit-control terminal of a step-up CDAC
(using buffers as the drivers);

FIG. 4 shows the details of the OAI gate 304 in accor-
dance with an exemplary embodiment of the present inven-
tion;

FIG. 5A depicts a latch 502 using an AOI gate 504 to wire
the positive output terminal Vop of the comparator 104 to a
corresponding bit-control terminal of a step-down CDAC
(e.g. CDAC 302 that uses inverters as drivers);

FIG. 5B depicts that the latch 502 using the AOI gate 504
wires the positive output terminal Vop of the comparator 104
to a corresponding bit-control terminal of a step-up CDAC
(using buffers as the drivers);

FIG. 6 shows the details of the AOI gate 504 in accor-
dance with an exemplary embodiment of the present inven-
tion;

FIG. 7A depicts a latch 700 with a combination of designs
1 and 3, which uses OAI gates and includes two inverters
706 and 708;
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FIG. 7B depicts a state diagram of the latch 700 depicted
in FIG. 7A;

FIG. 8A depicts a latch 800 with a combination of designs
1 and 4, which uses OAI gates;

FIG. 8B depicts a state diagram of the latch 800 depicted
in FIG. 8A;

FIG. 9A depicts a latch 900 with a combination of designs
2 and 3, which uses AOI gates;

FIG. 9B depicts a state diagram of the latch 900 depicted
in FIG. 9A;

FIG. 10A depicts a latch 1000 with a combination of
designs 2 and 4, which uses AOI gates and inverters 1006
and 1008; and

FIG. 10B depicts a state diagram of the latch 1000
depicted in FIG. 10A.

DETAILED DESCRIPTION OF THE
INVENTION

The following description is made for the purpose of
illustrating the general principles of the invention and should
not be taken in a limiting sense. The scope of the invention
is best determined by reference to the appended claims.

FIG. 1 illustrates successive-approximation register ana-
log-to-digital converter (SAR ADC) 100 in accordance with
an exemplary embodiment of the present invention. The
SAR ADC 100 includes a capacitive digital-to-analog con-
verter (CDAC) 102 (or replaced by a resistive digital-to-
analog converter (RDAC)), a comparator 104, and a suc-
cessive-approximation register (SAR) logic circuit 106
(with high-speed latches), which are configured to form a
loop for successive approximation of a digital representation
Dout of an analog input Vin.

In this example, the CDAC 102 has a positive part 108
and a negative part 110. In the positive part 108, there are a
plurality of positive-path capacitors and a plurality of posi-
tive-path drivers (driven by VDP<1> to VDP<7>) for
approximation based on a differential positive part VIP of
the analog input Vin. In the negative part 110, there are a
plurality of negative-path capacitors and a plurality of
negative-path drivers (driven by VDN<1> to VDN<7>) for
approximation based on a differential negative part VIN of
the analog input Vin. A residue signal Vtop is generated by
the CDAC 102. A differential positive part VITOP_P and a
differential negative part VITOP_N of the residue signal
Vtop are compared by the comparator 104, and the com-
parator 104 has a positive output terminal Vop and a
negative output terminal Von wired to each latch of the SAR
logic circuit 106. The different latches of the SAR logic
circuit 106 provide their latched values VDP<1>~VDP<7>
and VDN<1>~VDN<7> to the CDAC 102 to perform a
binary search (from x64, to x32, to x16, to x8, to x4, to x2,
and finally to x1 resolution) and, accordingly, the approxi-
mation of the digital representation Dout of the analog input
Vin is obtained.

The present invention has a special design in the latches
of the SAR logic circuit 106. Each latch uses a one-gate-
delay circuit to wire the comparator 104 to one bit-control
terminal (referring to one of VDP<1>~VDP<7>, or one of
the VDN<1>~18 VDN<7>) of the CDAC 102.

In comparison with the conventional techniques which
introduces two, or three or more gate delays between the
comparator 104 and the CDAC 102, the SAR ADC 100
using a one-gate-delay circuit in each latch to limit the delay
between the comparator 104 and the CDAC 102 is a
high-speed SAR ADC design.
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In the other exemplary embodiments, the CDAC 102 may
be replaced by its variants. In FIG. 1, the CDAC 102 using
inverters as the drivers is a step-down CDAC. In some other
exemplary embodiments, the drivers may be replaced by
buffers, and a step-up CDAC is provided.

FIG. 2 depicts the latches of the SAR logic circuit 106 in
accordance with an exemplary embodiment of the present
invention. Each latch uses a one-gate-delay circuit 200 to
wire a positive output terminal of the comparator 104 to the
CDAC 102 (to provide one of VDP<1>~VDP<7>, or one of
the VDN<1>~VDN<7>). The output of the one-gate-delay
circuit 200 can be further wired to a synchronizer 202 (e.g.
a D flip-flop) to generate one bit of the digital representation
Dout. The one-gate-delay circuit 200 may be a complex
gate, such as an OR-AND-INVERTER (OAI) gate, or an
AND-OR-INVERTER (AOI) gate.

FIG. 3A depicts a latch 302 using an OAI gate 304 to wire
the positive output terminal Vop of the comparator 104 to a
corresponding bit-control terminal of a step-down CDAC
(e.g. CDAC 302 that uses inverters as drivers).

As shown, the OAI gate 304 provides three input termi-
nals nl, n2 and n3. The input terminals nl and n2 are
provided for an OR logic. The input terminal n3 is provided
for a NAND logic. The input terminal nl is wired to the
positive output terminal Vop of the comparator 104. The
input terminal n2 is wired to a window control signal Cw. An
output terminal O1 of the latch 302 is further wired to the
input terminal n3 of the OAI gate 304 (e.g., through a logic
gate) to form a latch structure.

In the example, the latch 302 further has a NAND gate
306 and an inverter 308. The output terminal O1 of the latch
302 is wired to one input terminal of the NAND gate 306.
A reset control signal CLKSB of the latch 302 is inverted by
the inverter 308 as CLKSX and then wired to another input
terminal of the NAND gate 306. An output terminal of the
NAND gate 306 is wired to the input terminal n3 of the OAI
gate 304.

According to the window control signal Cw, a latched
status related to the voltage level at the positive output
terminal Vop of the comparator 104 is presented at the
output terminal O1. The output terminal O1 is wired to a
corresponding negative-path driver 310 of the CDAC to
provide the latched status as the signal VDN<n>. Accord-
ingly, the voltage level VTOP_N at the top plate of the
negative-path capacitors is controlled to reduce the residue
voltage Vtop.

Referring to the waveforms shown in FIG. 3A, it shows
that as Vop goes low, by the latch structure formed by the
OALI gate 304 and the NAND gate 306, the output terminal
O1 of OAI gate 304 is latched at a high level to drive the
corresponding negative-path driver 310 and thereby pulls
down the voltage level VTOP_N at the top plate of the
negative-path capacitors. The residue voltage Vtop is suc-
cessfully suppressed.

As shown, the latch 302 further has another latch struc-
ture, by which a latched status related to the voltage level at
the negative output terminal Von of the comparator 104 is
presented at an output terminal O2 of the latch 302. The OR
gate 312 and the NAND gate 314 may be a two-gate-delay
circuit, a three-gate-delay circuit, or another one-gate-delay
circuit similar to the OAI gate 304. The output terminal O2
is wired to a corresponding positive-path driver 316 of the
CDAC to provide the latched status as the signal VDP<n>.
Accordingly, the voltage level VTOP_P at the top plate of
the positive-path capacitors is controlled to reduce the
residue voltage Vtop.



US 12,316,338 B2

5

FIG. 3B depicts that the latch 302 using the OAI gate 304
wires the positive output terminal Vop of the comparator 104
to a corresponding bit-control terminal of a step-up CDAC
(using buffers as the drivers). In this example, the output
terminal O1 is wired to a corresponding positive-path driver
322 of the CDAC to provide the latched status as the signal
VDP<n>. Accordingly, the voltage level VTOP_P at the top
plate of the positive-path capacitors is controlled to reduce
the residue voltage Vtop.

Referring to the waveforms shown in FIG. 3B, the high-
to-low Vop is discussed again. The high voltage latched at
the output terminal O1 drives the corresponding positive-
path driver 322 and thereby pulls up the voltage level
VTOP_P at the top plate of the positive-path capacitors. The
differential positive part is raised. The residue voltage Vtop
is successfully suppressed.

In the example of FIG. 3B, the output terminal O2 is
wired to a corresponding negative-path driver 324 of the
CDAC to provide the latched status as the signal VDN<n>.
Accordingly, the voltage level VTOP_N at the top plate of
the negative-path capacitors is controlled to reduce the
residue voltage Vtop.

FIG. 4 shows the details of the OAI gate 304 in accor-
dance with an exemplary embodiment of the present inven-
tion. The OAI gate 304 has three PMOSs (Mpl, Mp2, and
Mp3) and three NMOSs (Mnl, Mn2, and Mn3). The PMOSs
Mp1 and Mp2 are wired in series between a voltage source
and the output terminal 402 of the OAI gate 304. One gate
terminal of Mpl or Mp2 is wired to the positive output
terminal Vop of the comparator 104 while another gate
terminal of the Mp1 or Mp2 is wired to the window control
signal Cw. The NMOS Mnl and Mn2 are wired in parallel
between the output terminal 402 of the OAI gate 304 and a
ground terminal. One gate terminal of Mn1 or Mn2 is wired
to the positive output terminal Vop of the comparator 104
while another gate terminal of Mn1 and Mn2 is wired to the
window control signal Cw. The PMOS Mp3 is wired
between the voltage source and the output terminal 402 of
the OAI gate 304, and has a gate terminal wired to the output
terminal 404 of the NAND gate 306. The NMOSs Mn1 and
Mn2 are wired to the ground terminal through the NMOS
Mn3. The NMOS Mn3 has a gate terminal wired to the
output terminal 404 of the NAND gate 306.

Specifically, FIG. 4 shows that the gate terminal of the
PMOS Mpl is wired to the window control signal Cw, and
the gate terminal of the PMOS Mp2 is wired to the positive
output terminal Vop of the comparator 104. The change at
the positive output terminal Vop of the comparator 104 is
quickly reflected at the output terminal 402 of the OAI gate
304.

In another exemplary embodiment, the gate terminal of
the PMOS Mpl is wired to the positive output terminal Vop
of the comparator 104, and the gate terminal of the PMOS
Mp2 is wired to the window control signal Cw.

In another exemplary embodiment, the output terminal
402 of the OAI gate 304 is first wired to the NMOS Mn3 and
then is wired to the ground terminal through the parallel-
connected NMOSs Mnl and Mn2.

FIG. 5A depicts a latch 502 using an AOI gate 504 to wire
the positive output terminal Vop of the comparator 104 to a
corresponding bit-control terminal of a step-down CDAC
(e.g. CDAC 302 that uses inverters as drivers).

As shown, the AOI gate 504 provides three input termi-
nals nl, n2 and n3. The input terminals nl and n2 are
provided for an AND logic. The input terminal n3 is
provided for a NOR logic. The input terminal n1 is wired to
the positive output terminal Vop of the comparator 104. The
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input terminal n2 is wired to a window control signal Cw. An
output terminal O1 of the latch 502 is further wired to the
input terminal n3 of the AOI gate 504 (e.g., through a logic
gate) to form a latch structure.

In the example, the latch 502 further has a NOR gate 506.
The output terminal O1 of the latch 502 is wired to one input
terminal of the NOR gate 506. A reset control signal CLKSB
of the latch 502 is wired to another input terminal of the
NOR gate 506. An output terminal of the NOR gate 506 is
wired to the input terminal n3 of the AOI gate 504.

According to the window control signal Cw, a latched
status related to the voltage level at the positive output
terminal Vop of the comparator 104 is presented at the
output terminal O1. The output terminal O1 is wired to a
corresponding negative-path driver 508 of the CDAC to
provide the latched status as the signal VDN<n>. Accord-
ingly, the voltage level VTOP_N at the top plate of the
negative-path capacitors is controlled to reduce the residue
voltage Vtop.

Referring to the waveforms shown in FIG. 5A, it shows
that as Vop is low, by the latch structure formed by the AOI
gate 504 and the NOR gate 506, the output terminal of AOI
gate O1 is latched at a high level to drive the corresponding
negative-path driver 508 and thereby pulls down the voltage
level VTOP_N at the top plate of the negative-path capaci-
tors. The residue voltage Vtop is successtully suppressed.

As shown, the latch 502 further has another latch struc-
ture, by which a latched status related to the voltage level at
the negative output terminal Von of the comparator 104 is
presented at an output terminal O2 of the latch 502. The
AND gate 510 and the NOR gate 512 may be a two-gate-
delay circuit, a three-gate-delay circuit, or another one-gate-
delay circuit similar to the AOI gate 504. The output
terminal O2 is wired to a corresponding positive-path driver
514 of the CDAC to provide the latched status as the signal
VDP<n>. Accordingly, the voltage level VTOP_P at the top
plate of the positive-path capacitors is controlled to reduce
the residue voltage Vtop.

FIG. 5B depicts that the latch 502 using the AOI gate 504
wires the positive output terminal Vop of the comparator 104
to a corresponding bit-control terminal of a step-up CDAC
(using buffers as the drivers). In this example, the output
terminal O1 is wired to a corresponding positive-path driver
522 of the CDAC to provide the latched status as the signal
VDP<n>. Accordingly, the voltage level VTOP_P at the top
plate of the positive-path capacitors is controlled to reduce
the residue voltage Vtop.

Referring to the waveforms shown in FIG. 5B, the low
Vop is discussed again. The high voltage latched at the
output terminal O1 drives the corresponding positive-path
driver 522 and thereby pulls up the voltage level VTOP_P
at the top plate of the positive-path capacitors. The differ-
ential positive part is raised. The residue voltage Vtop is
successfully suppressed.

In the example of FIG. 5B, the output terminal O2 is
wired to a corresponding negative-path driver 524 of the
CDAC to provide the latched status as the signal VDN<n>.
Accordingly, the voltage level VTOP_N at the top plate of
the negative-path capacitors is controlled to reduce the
residue voltage Vtop.

FIG. 6 shows the details of the AOI gate 504 in accor-
dance with an exemplary embodiment of the present inven-
tion. The AOI gate 504 has three PMOSs (Mpl, Mp2, and
Mp3) and three NMOSs (Mnl, Mn2, and Mn3). The PMOSs
Mp1 and Mp2 are wired in parallel between a voltage source
and the output terminal 602 of the AOI gate 504, and one
gate terminal of Mp1 or Mp2 is wired to the positive output
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terminal Vop of the comparator 104 while another gate
terminal oft Mpl or Mp2 is wired to the window control
signal Cw. The NMOSs Mnl and Mn2 are wired in series
between the output terminal 602 of the AOI gate 504 and a
ground terminal, and one gate terminal of Mnl and Mn2 is
wired to the positive output terminal Vop of the comparator
104 while another gate terminal of Mnl and Mn?2 is wired
to the window control signal Cw. The PMOSs Mp1 and Mp2
are wired to the output terminal 602 of the AOI gate 504
through the PMOS Mp3. The PMOS Mp3 has a gate
terminal wired to the output terminal 604 of the NOR gate
506. The NMOS Mn3 is wired between the output terminal
602 of the AOI gate 504 and the ground terminal. The
NMOS Mn3 has a gate terminal wired to the output terminal
604 of the NOR gate 506.

Specifically, FIG. 6 shows that the gate terminal of the
NMOS Mnl is wired to the positive output terminal Vop of
the comparator 104, and the gate terminal of the NMOS
Mn2 is wired to the window control signal Cw. The change
at the positive output terminal Vop of the comparator 104 is
quickly reflected at the output terminal 602 of the AOI gate
504.

In another exemplary embodiment, the gate terminal of
the NMOS Mnl1 is wired to the window control signal Cw,
and the gate terminal of the NMOS Mn2 is wired to the
positive output terminal Vop of the comparator 104.

In another exemplary embodiment, the voltage source
VDD is first wired to the PMOS Mp3 and then wired to the
output terminal 602 of the AOI gate 504 through the
parallel-connected PMOSs Mp1 and Mp2.

Any SAR ADC with a SAR logic circuit with the pro-
posed latches (using a one-gate-delay circuit to wire at least
one comparator output to the CDAC) should be regarded as
within the scope of the present invention.

The generation circuit of the window control signal Cw
may be replaced by any pulse window generator.

The waveforms shown in FIGS. 3A, 3B, 5A, and 5B may
have the other variations, depending on the comparator reset
status (reset by high or low) and the CDAC switch reset
status (reset by high or low).

The proposed latch has different configurations according
to the reset level of the comparator 104 as well as the
switching scheme of the DAC (102). There are four reset
design:

Design 1: Comparator reset: HIGH

Design 2: Comparator reset: Low

Design 3: DAC switch reset: HIGH

Design 4: DAC switch reset: Low

FIG. 7A depicts a latch 700 with a combination of designs
1 and 3, which uses OAI gates (702 and 704) and includes
two inverters 706 and 708. FIG. 7B depicts a state diagram
of the latch 700 depicted in FIG. 7A, changing between
states S1 (reset and sync latched data), S2 (rest), S3 (ready
for data), S4 (latch data high), and S5 (latch data low). The
switching condition is: [Reset, Enable, Vop, Von/Dp, Dn,
Done]. Table 1 is the state table of the latch 700.

TABLE 1
Present Next
State Input State Qutput
State Reset Enable Vop Von State Dp Dn Done Dout(t)
S1~S5 1 0 X X S1 1 1 0 Dp(t)
S1~S3 0 0 X X S2 1 1 1 Dout(t)
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TABLE 1-continued
Present Next
State Input State Output
State Reset Enable Vop Von State Dp Dn Done Dout(t)
S2,83 0 1 1 1 S3 1 1 0 Dout(t)
S2,83 0 1 1 0 S4 1 0 1 Dout(t)
S2,83 0 1 0 1 S5 0o 1 1 Dout(t)

FIG. 8 A depicts a latch 800 with a combination of designs
1 and 4, which uses OAI gates 802 and 804. FIG. 8B depicts
a state diagram of the latch 800 depicted in FIG. 8A,
changing between states S1 (reset and sync latched data), S2
(rest), S3 (ready for data), S4 (latch data high), and S5 (latch
data low). The switching condition is: [Reset, Enable, Vop,
Von/Dp, Dn, Done]. Table 2 is the state table of the latch
800.

TABLE 2
Present Next
State Input State Output
State Reset Enable Vop Von State Dp Dn Done Dout(t)
S1~S5 1 0 X X S1 0 0 0 Dp(t)
S1~S3 0 0 X X S2 0 0 0 Dout(t)
S2,83 0 1 1 1 S3 0 0 0 Dout(t)
S2,83 0 1 1 0 S4 1 0 1 Dout(t)
S2,83 0 1 0 1 S5 0o 1 1 Dout(t)

FIG. 9A depicts a latch 900 with a combination of designs
2 and 3, which uses AOI gates 902 and 904. FI1G. 9B depicts
a state diagram of the latch 900 depicted in FIG. 9A,
changing between states S1 (reset and sync latched data), S2
(rest), S3 (ready for data), S4 (latch data high), and S5 (latch
data low). The switching condition is: [Reset, Enable, Vop,
Von/Dp, Dn, Done]. Table 3 is the state table of the latch
900.

TABLE 3

Present Next
State Input State Qutput
State Reset Enable Vop Von State Dp Dn Done Dout(t)
S1~S5 1 0 X X SsI 1 1 0 Dp(t)
S1~83 0 0 X X S2 1 1 0 Dout(t)
S2,83 0 1 1 1 S3 1 1 0 Dout(t)
S2,83 0 1 1 0 S4 1 0 1 Dout(t)
S2,83 0 1 0 1 S5 0 1 1 Dout(t)

FIG. 10A depicts a latch 1000 with a combination of

designs 2 and 4, which uses AOI gates (1002 and 1004) and
inverters 1006 and 1008. FIG. 10B depicts a state diagram
of the latch 1000 depicted in FIG. 10A, changing between
states S1 (reset and sync latched data), S2 (rest), S3 (ready
for data), S4 (latch data high), and S5 (latch data low). The
switching condition is: [Reset, Enable, Vop, Von/Dp, Dn,
Done]. Table 4 is the state table of the latch 1000.
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TABLE 4
Present Next
State Input State Qutput
State Reset Enable Vop Von State Dp Dn Done Dout(t)
S1~S5 1 0 X X S1 0 0 O Dp(t)
S1~S3 0 0 X X S2 0 0 O Dout(t)
S2,83 0 1 0 0 S3 0 0 O Dout(t)
S2,83 0 1 1 0 S4 1 0 1 Dout(t)
S2,83 0 1 0 1 S5 o 1 1 Dout(t)

Any latch using OAI/AIO gate(s) and operates according
to any of the state diagrams (FIGS. 7B, 8B, 9B, and 10B)
should be considered within the scope of the present inven-
tion.

While the invention has been described by way of
example and in terms of the preferred embodiments, it
should be understood that the invention is not limited to the
disclosed embodiments. On the contrary, it is intended to
cover various modifications and similar arrangements (as
would be apparent to those skilled in the art). Therefore, the
scope of the appended claims should be accorded the
broadest interpretation so as to encompass all such modifi-
cations and similar arrangements.

What is claimed is:

1. A successive-approximation register analog-to-digital

converter, comprising:

a digital-to-analog converter, a comparator, and a succes-
sive-approximation register logic circuit, configured to
form a loop for successive approximation of a digital
representation of an analog input,

wherein:

the successive-approximation register logic
includes a plurality of latches; and

circuit

each latch uses a one-gate-delay circuit to wire the com-
parator to one bit-control terminal of the digital-to-
analog converter.
2. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 1, wherein:

the one-gate-delay circuit includes a complex gate.
3. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 2, wherein:
the complex gate is an OR-AND-INVERTER gate;
a first input terminal and a second input terminal of the
OR-AND-INVERTER gate are provided for an OR

logic, and a third input terminal of the OR-AND-
INVERTER gate is provided for a NAND logic;

the first input terminal of the OR-AND-INVERTER gate
is wired to a positive output terminal of the comparator;

the second input terminal of the OR-AND-INVERTER
gate is wired to a window control signal; and

a first output terminal of the latch is wired to the third
input terminal of the OR-AND-INVERTER gate to
form a latch structure.

4. The successive-approximation register analog-to-digi-

tal converter as claimed in claim 3, wherein:

each latch further has a NAND gate, the first output
terminal of the latch is wired to a first input terminal of
the NAND gate, and an output terminal of the NAND
gate is wired to the third input terminal of the OR-
AND-INVERTER gate.
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5. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 4, wherein:

each latch further has an inverter, having an input terminal
wired to a reset control signal of the latch, and an output
terminal wired to a second input terminal of the NAND
gate.

6. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 5, wherein the digital-to-
analog converter comprises:

a plurality of positive-path capacitors and a plurality of
positive-path drivers for approximation based on a
differential positive part of the analog input, generating
a differential positive part of a residue signal;

a plurality of negative-path capacitors and a plurality of
negative-path drivers for approximation based on a
differential negative part of the analog input, generating
a differential negative part of the residue signal,

wherein the differential positive part and the differential
negative part of the residue signal are compared by the
comparator, and the comparator further has a negative
output terminal wired to each latch.

7. The successive-approximation register analog-to-digi-

tal converter as claimed in claim 6, wherein:

the positive-path drivers and the negative-path drivers are
inverters;

the first output terminal of each latch is wired to a
corresponding negative-path driver;

each latch further has a second output terminal presenting
a latched status corresponding to the negative output
terminal of the comparator; and

the second output terminal of each latch is wired to a
corresponding positive-path driver.

8. The successive-approximation register analog-to-digi-

tal converter as claimed in claim 6, wherein:

the positive-path drivers and the negative-path drivers are
buffers; and

the first output terminal of each latch is wired to a
corresponding positive-path driver;

each latch further has a second output terminal presenting
a latched status corresponding to the negative output
terminal of the comparator; and

the second output terminal of each latch is wired to a
corresponding negative-path driver.

9. The successive-approximation register analog-to-digi-

tal converter as claimed in claim 4, wherein:

the OR-AND-INVERTER gate has a first PMOS, a sec-
ond PMOS, a first NMOS, and a second NMOS;

the first PMOS and the second PMOS are wired in series
between a voltage source and the output terminal of the
OR-AND-INVERTER gate, and one gate terminal of
the first PMOS or the second PMOS is wired to the
positive output terminal of the comparator while
another gate terminal of the first PMOS and the second
PMOS is wired the window control signal;

the first NMOS and the second NMOS are wired in
parallel between the output terminal of the OR-AND-
INVERTER gate and a ground terminal, and one gate
terminal of the first NMOS or the second NMOS is
wired to the positive output terminal of the comparator
while another gate terminal of the first NMOS and the
second NMOS is wired to the window control signal;

the OR-AND-INVERTER gate further has a third PMOS
and a third NMOS;

the third PMOS is wired between the voltage source and
the output terminal of the OR-AND-INVERTER gate,
and has a gate terminal wired to the output terminal of
the NAND gate; and
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between the output terminal of the OR-AND-INVERTER
gate and the ground terminal, the third NMOS is wired
in series with the parallel-connected first and second
NMOSs, and the third NMOS has a gate terminal wired
to the output terminal of the NAND gate.

10. The successive-approximation register analog-to-digi-

tal converter as claimed in claim 9, wherein:

the first PMOS has a source terminal wired to the voltage
source, and the gate terminal of the first PMOS is wired
to the window control signal;

the second PMOS has a source terminal wired to a drain
terminal of the first PMOS, and a drain terminal wired
to the output terminal of the OR-AND-INVERTER
gate, and the gate terminal of the second PMOS is
wired to the positive output terminal of the comparator.

11. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 2, wherein:

the complex gate is an AND-OR-INVERTER gate;

a first input terminal and a second input terminal of the
AND-OR-INVERTER gate are provided for an AND
logic, and a third input terminal of the AND-OR-
INVERTER gate is provided for a NOR logic;

the first input terminal of the AND-OR-INVERTER gate
is wired to a positive output terminal of the comparator;

the second input terminal of the AND-OR-INVERTER
gate is wired to a window control signal; and

a first output terminal of the latch is wired to the third
input terminal of the AND-OR-INVERTER gate to
form a latch structure.

12. The successive-approximation register analog-to-digi-

tal converter as claimed in claim 11, wherein:

each latch further has a NOR gate, the first output terminal
of' the latch is wired to a first input terminal of the NOR
gate, and an output terminal of the NOR gate is wired
to the third input terminal of the AND-OR-INVERTER
gate.

13. The successive-approximation register analog-to-digi-

tal converter as claimed in claim 12, wherein:

a reset control signal of each latch is wired to a second
input terminal of the NOR gate.

14. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 13, wherein the digital-to-
analog converter comprises:

a plurality of positive-path capacitors and a plurality of
positive-path drivers for approximation based on a
differential positive part of the analog input, generating
a differential positive part of a residue signal;

a plurality of negative-path capacitors and a plurality of
negative-path drivers for approximation based on a
differential negative part of the analog input, generating
a differential negative part of the residue signal,

wherein the differential positive part and the differential
negative part of the residue signal are compared by the
comparator, and the comparator further has a negative
output terminal wired to each latch.

15. The successive-approximation register analog-to-digi-

tal converter as claimed in claim 14, wherein:

the positive-path drivers and the negative-path drivers are
inverters; and

the first output terminal of each latch is wired to a
corresponding negative-path driver;

each latch further has a second output terminal presenting
a latched status corresponding to the negative output
terminal of the comparator; and

the second output terminal of each latch is wired to a
corresponding positive-path driver.
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16. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 14, wherein:
the positive-path drivers and the negative-path drivers are
buffers; and
5 the first output terminal of each latch is wired to a
corresponding positive-path driver;
each latch further has a second output terminal presenting
a latched status corresponding to the negative output
terminal of the comparator; and
the second output terminal of each latch is wired to a
corresponding negative-path driver.
17. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 12, wherein:
the AND-OR-INVERTER gate has a first PMOS, a sec-
ond PMOS, a first NMOS, and a second NMOS;
the first PMOS and the second PMOS are wired in parallel
between a voltage source and the output terminal of the
AND-OR-INVERTER gate, and one gate terminal of
the first PMOS or the second PMOS is wired to the
positive output terminal of the comparator while
another gate terminal of the first PMOS and the second
PMOS is wired to the window control signal;
the first NMOS and the second NMOS are wired in series
between the output terminal of the AND-OR-IN-
VERTER gate and a ground terminal, and one gate
terminal of the first NMOS or the second NMOS is
wired to the positive output terminal of the comparator
while another gate terminal of the first NMOS and the
second NMOS is wired to the window control signal;
the AND-OR-INVERTER gate further has a third PMOS
and a third NMOS;
between the voltage source and the output terminal of the
AND-OR-INVERTER gate, the third PMOS is wired in
series with the parallel-connected first and the second
PMOSs, and the third PMOS has a gate terminal wired
to the output terminal of the NOR gate; and
the third NMOS is wired between the output terminal of
the AND-OR-INVERTER gate and the ground termi-
nal, and the third NMOS has a gate terminal wired to
the output terminal of the NOR gate.
18. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 17, wherein:
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terminal of the OR-AND-INVERTER gate, and the
gate terminal of the first NMOS is wired to the positive
output terminal of the comparator; and

% the second NMOS has a drain terminal wired to a source

terminal of the first NMOS, and a source terminal wired

to the ground terminal, and the gate terminal of the

second NMOS is wired to the window control signal.

19. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 1, wherein:

> the comparator is reset by a high-level signal;
the digital-to-analog converter’s switching is reset by a
high-level signal; and
each one-gate-delay circuit is an OR-AND-INVERTER
60 gate.

20. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 1, wherein:
the comparator is reset by a high-level signal;
the digital-to-analog converter’s switching is reset by a
low-level signal; and
each one-gate-delay circuit is an OR-AND-INVERTER
gate.
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21. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 1, wherein:
the comparator is reset by a low-level signal;
the digital-to-analog converter’s switching is reset by a
high-level signal; and
each one-gate-delay circuit is an AND-OR-INVERTER
gate.
22. The successive-approximation register analog-to-digi-
tal converter as claimed in claim 1, wherein:
the comparator is reset by a low-level signal;
the digital-to-analog converter’s switching is reset by a
low-level signal; and
each one-gate-delay circuit is an AND-OR-INVERTER
gate.
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